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IN the preceding paper Ray and Jung (1951) developed certain criteria for
the selection of compounds fikely to be secreted by the stomach. In general,
compounds with a pK,, value between 7 and 10 seemed to be secreted by the
stomach in very appreciable amounts. The ratio of the concentration of the
compounds in the stomach to that in the blood in this range was about 20: 1 or
greater.
By selecting carcinogens that have a pK,, falhng in this range it should be
possible to circumvent the mucus barrier and expose the glandular stomach to
attack. With this in mind a series of derivatives of 2-aminofluorene were pre-
pared. The carcinogenicity of 2-aminofluorene and several of its derivatives has
been abundantly established by many workers, and the literature has been
recently reviewed by Morris)Dubnik and Johnson (1950).
In the present work 2-aminofluorene was diazotized and coupled with a
number of phenols and amines to form azo compounds (Table 1). The azo
linkage was selected for several reasons. Firstly, Dawson and Ivy (1925)
N = N
reported that Chrysoidine Y (2,4-diaminoazobenzene) appears in the gastric
juice in dogs 5 minutes after intravenous'injection. Secondly, many azo dyes
have been shown to be carcinogenic or cocarcinogenic; Butter YeRow and its
derivatives causing hepatomas ; 4-hydroxy azoben'zene causing a high incidence
ofpapiRomas ofthe stomach ofrats (KinositaandHarada, 1938) ; andChrysoidine
R (5-methyl-2,4-diaminoazobenzene) promoting tar-induced cancers (Forssman,
1931). Thirdly, in vivo metabolism studies of Butter Yellow have revealed the
splitting of the azo link, each nitrogen atom being reduced to an amino group (WiRiams, 1947). Thus, the sphtting ofthe azo compounds of fluorene would be
expected to produce an active carcinogen, 2-aminofluorene.365 SECRETION BY THE STOMACH OF POTENTIAL CARCINOGENS
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Because
" more tumors have been induced by 2,7-diacetyldiaminofluorene
than by 2-acetylaminofluorene" (Morris and Dubnik, 1950), a second series of
fluoreneazo'compounds waspreparedby diazotizin andcoupling 2-acetylamino-
7-aD31'nofluorene with several phenols and amines (Table II).
EXPERIMENTAL TECHNIQUES.
Threecompounds selectedfrom the first series were tested on rats. They were
fluorene-2-azo-2',4'-dihydroxy benzene, Cpd. III; fluorene-2-azo-T-methyl-4'-
hydroxy benzene, Cpd. IV; apd fluorene-2-azo-5'-methyl-2',4'-diamino benzene,
Cpd. VI. Rats of the Sprague-Dawley-Holtzman strain weighing 120 to 280 g.
were injected intraperitoneally with 2-5 mg. of the compounds dissolved in pro-
pyleneglycol(TableIII). Three hourspreviously these animals had beenoperated
TABLIF, III.-Condition8ofAdmini8tration.
Dose.
r A Animal weights (g.).
Propy- Com- e A
Compound. Color. Absorption pKB. lene pound I hr. 0-5 hr. 0-25 hr.
maximum in glycol (mg.).
M/L (MI.).
III Red crystals 400 10-4 2 2-5 280 120 165
IV Brown yellow 380 10-3 1-5 2- 5 235 120
crystals
VI Red crystals 430 8-5 1-5 2-5 210 133 187
Control 1-5 175
on and a ligature placed below the pylorus to prevent regurgitation from the
intestine. The animals had been fasted for 48 hours preceding the operation to
avoid contamination ofthe secretions with food. Simultaneously with the injec-
tion of the compounds to be tested 0-2 mg. per 100 g. body weight of histamine
was injected subcutaneously to assure an adequate flow of gastric juice. The
animals were killed at I hour, 0-5 hour and 0-25 hour foRowing injections; the
stomachs were removed and the contents collected.
The stomach contents were diluted with an equal volume of acetone, stirred
thoroughly andcentrifuged for 10 minutes at 2000 r.p.m. One ml. ofsupernatant
was diluted to 10 ml. with acetone and this extract allowed to stand overnight
at 5-10' C. It was then centrifuged for 20 minutes at 2000 r.p.m. and the super-
natant used for spectrographic analysis. Measurements were made on a Beck-
man Model DU Spectrophotometer against acetone-HCI standard having the
same pH as the gastric extracts. Standard curves were obtained which essen-
tially followed Beer's Law. The control was ligated andinjected with histamine
and prophylene glycol exactly as described for the experimental animals.
Preparation of compound8.
The possibility of the formation of fluorene-azo dyes was postulated in 1901
by Diels. Since then several of these compounds have been reported (Korczyn- ski, Karlowski and Kierzik, 1927 ; Bielenberg, Goldhahn and Pluskal, 1940).
The starting material, fluorene, m.p. 111-112' C., was'nitrated and reduced
according to procedures given by-Blatt (1943), and the an4ine diazotized formiing fluorene-2-diazonium chloride dihydrate (Adams, 1944; Diels, 1901).SECRETION BY THE STOMACH OF POTENTIAL CARCINOGENS 367
Thedyes ofTable I werepreparedbycoupling thecomponents in acidbuffered
or basic aqueous solution, neutrahzing and filtering. All could be recrystauized
from dilute acetone, but for highest purity the amino derivatives were re-
crystalhzed from aniline and the hydroxy derivatives from dilute acetic acid
or benzyl alcohol. Yields ranged from 58 to 87 per,cent. Constants and
analyses aregiven in Table 1. It will be noted that three are new compounds
and that three of those previously ptepared have higher decomposition points,
indicating probableimprovement in quality. Previously only nitrogen analyses
were reported.
For the preparation of the
" A
" series ofdyes (Table II) 2-nitrofluorene was
further nitrated at room temperature with yellow fuming nitric acid in glacial
acetic acid (Anastakrishnan and Hughes, 1935). The resulting 2,5-- and 2,7-
dinitrofluorenes were separated by refluxing for I hour in glacial acetic acid and
filtering hot. The 2,5-isomer is soluble, whereas the 2,7-isomer is not (Morgan
and Thomason, 1926). Yields of 55 to 60 per cent were obtained of 2,7-dinitro-
fluorene decomposing at 293-4'.
The 2,7-dinitrofluorene was reduced with tin and hydrochloric acid by the
method of Schulman (1949). The pure compound melts at 165' after recrystal-
lization from benzene. This was then converted to the dihydrochloride and
mono-acetylated in aqueous solution (Schulman, 1949). 2-Acetylamino-7-amino-
fluorene hydrochloride was then slurried in 500 ml. of water containing 7-5 ml.
of concentratedhydrochloric acid with the aid of aWaring blendor which materi-
ally aided the diazotization of this rather insoluble compound. A solution of
sodium nitrite (2-4 g. in 30 ml. water) was added to therapidly stirred suspension
over the period of one hour. The orange red suspension was heated to 50-60',
filtered, andthe cooledfiltrate treated with 150 g. ofsodium chloride toprecipitate
the diazonium salt. (In coupling procedures it was not necessary to isolate the
diazonium salt). The orange redproduct was collected'washed with 50 per cent
saturated salt solution and dried over sulfuric acid. The overallyield was 11-8 g.
N57 per cent . Purification was effected by precipitating the product from
methanol with ether. Several purifications yielded a product that decomposed
sharply at 146'. Repeated analysis' showed the presence of 2 molecules of
water which were not liberated below the decomposition temperature. Diels
(1901) reports that fluorene-2-diazonium chloride also contains 2 molecules of
water that are not liberated below decompositiontemperature.
Found: Cl, 10-85) 11-01 ; Calc. for C1,H16CIN303: C11 11-01 per cent.
For proof of structure, 2 g. of 2-acetylaminofluorene-7-diazonium chloride
dihydrate were reflexed in 150 ml. of water for 30 minutes. The almost clear
solution was filtered hot and a cream-white product precipitated from the cooled
filtrate. Three recrystallizations from 50 per cent acetic acid resulted in a
compoundmelting at 232'. Goulden and Kon (1945) reported that 2-hydroxy-7-
acetylaminofluorene melts at 232'.
The dyes of this series were prepared by coupling the components in acid
buffered, or basic aqueous solution, neutralization and filtration. The coupling
in this series took somewhat longer and best results were obtained by allowing
reactants to stand overnight. The yields ranged from 70 to 90 per cent. The
products could be recrystallized from dilute Cellosolve, but highest purity was
obtained from aniline, or benzyl alcohol. These compounds have not been pre-
viously reported. Constants and analyses are given in Table IL368 F. E. RAY AND J. H. PETERS
TABLri, IV.-Resu1t8 of Intraperitoneal Injection of Compounds III, IV and VI.
Time Vol. ofgastric pHofgastric Percentage Color of Color ofgastric Compound. (hours). juice (MI.). juice. found in
serosa. contents. stomach.
III 1.0 11-5 2 34 Orange Yellow-orange.
0.5 6-5 2 28 Yellow 3-9
0-25 10-7 2 30 Red Red-orange.
IV 1.0 7-0 2 26 Colorless
0.5 4-9 2 24 Veryslightly
yellow
VI 1.0 10.5 6-7 Yellow Colorless.
0.5 8-6 2 00 Red Straw.
0-25 9-4 2 00 Orange
Propylene 0.25 9-8 2 Colorless
glycol
RESULTS AND DISCUSSION.
It will be seen from Table IV that Compound III appears in the gastric juice
to the extent of 28 to 34 per cent of the amount injected. Secretion of the
compound is substantiaRy complete in 15 minutes. Apparently with the ligated
pylorus an equihbrium is quickly estabhshed. Compound IV seems to be
secreted to a slightly lesser extent, but this may not be significant.
The rather surprising result is the non-8ecretion of Compound VI. This was
entirelyunexpected, because it has apKB(8-5) whichhes in theoptimum secretion
range (Ray andJung, 1951). This indicates that thepKBof maximum secretion
in the fluorene series is much higher than it is in the benz'ene series. Because
the serosa was colored, it was thought that this dye might have been reduced
in the stomach at the azo link. An examination of the stomach contents for
aminofluorene by the method of Westfall and Morris (1947) by Miss Mary F.
Argus failed to show the presence ofthis substance, either free or coniuLyated.
While,successful in leading us to potential carcinogens that are secreted in
large amounts by the stomach, it is obvious that some factor (or factors) are
involved other than the pKB- It is true that the stomach of the rat may be less
acidic than that of the dog, but this should only reduce the total concentration
and not the relative order of absorption.
The use of a tricyclic molecule hke fluorene in place of benzene leads to com-
pounds with greatly reduced solubilities in dilute acid. The introduction of a
third (insoluble) phasemight well cause the stomach barrier to operate to exclude
compounds of lower pKB (greater basicity).
The demonstration that some of these compounds are secreted in rather large
amounts in the stomach has encouraged us to set up long-time experiments for
testing their carcinogenicity. The results will be reported on completion.
SUMMARY.
In the hope ofobtaining a carcinogen that would be secretedbythestomach,
12 fluorene-azo dyes were prepared, of which the foHowing are new compounds:
fluorene-2-azo-2',4'-diaminobenzene, fluorene-2-azo-2'-amino-4'-hydroxybenzene,
2-acetylaminofluorene-7-azo-2',4'-diaminobenzene, 2-acetylaminofluorene-7-azo-5'
methyl-2',4'-diaminobenzene, 2-acetylaminofluorene-7-azo-4'dimethylaminoben-
zene, 2-acetylaminofluorene-7-azo-2',4'-dihydroxybenzene, and 2-acetylamino- fluorene-7-azo-2'-amino-4'-hydroxybenzene.SECRETION BY THE STOMACH OF POTENTIAL CARCINOGENS 369,
Of 3 compounds injected intraperitoneaRy 2 were secreted by the stomach.
Fluorene-2-azo-2',4'-dihydroxybenzene and fluorene-2-azo-2'-methyl-4'-hydroxy-
benzene were present in gastric juice to the extent of 24 to 34 per cent. Neither
fluorene-2-azo-5'-methyl-2',4'-diaminobenzene nor its possible fission product,
2-aminofluorene (free or conjugated), was detected in the gastric juice.
The authors wish to express their gratitude to Mr. Andrew W. Breidenbach,
who performed the operations on the animals. These investigations were sup-
ported by research grants from the National Cancer Institute of the U.S. Public
Health Service.
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